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化交联，得到 Si-PVA，然后将 Si-PVA 与溴乙基化聚乙烯亚胺(BPEI)共混，使 BPEI
贯穿于交联 PVA 网络中形成半互穿网络聚合物(s-IPN)，铸膜后得到阴离子交换
膜。BPEI 含量增加，膜的离子交换容量升高但同时含水量也显著提高。BPEI 含
量 20%的膜具备较好的综合性能，其在 30°C 下的电导率和甲醇透过率分别为
1.32×10-2 S·cm-1 及 7.88×10-7cm-2·s-1。该膜的缺点是含水率偏高导致湿膜机械性
能及热稳定性偏低。 
采用戊二醛(GA)做交联剂，交联过程进行在 PVA 与 BPEI 充分共混后，同
时加入正硅酸乙酯(TEOS)以改善膜性能，最后将聚合物与 PTFE(聚四氟乙烯)多
孔膜复合制备阴离子交换膜。扫描电镜与 XRD 测试显示聚合物与 PTFE 多孔膜
结合良好，支撑层的引入有效降低了膜的含水率，改善了其尺寸稳定性。掺杂
TEOS 的复合膜电导率在 70°C 可达到 3.17×10-2 S·cm-1，其甲醇透过率在



















Direct methanol fuel cells (DMFC) have attracted considerable attention as an 
alternative to the present power sources especially for portable or mobile power, since 
they offer numerous benefits, including high efficiency, high power density, low or 
zero emissions and easy for transportation and storage. However, there are two major 
technology problems in DMFC: One is the high methanol crossover through proton 
exchange membranes. The other is the slow methanol oxidation kinetics on the anode 
catalyst in an acid medium. Alkaline anion exchange membranes for direct methanol 
fuel cells (AEMDMFC) use an anion exchange membrane as polyelectrolyte. The 
methanol oxidative rate is faster in alkaline media than in acid. In AMDMFC, OHˉ 
anions diffuse through the membrane in the direction opposite to that of methanol flux 
leading to an intrinsic reduction in methanol permeability. Thus, AMDMFC can 
overcome the drawbacks mentioned above. 
Anion exchange membrane is one of the key materials in AEMDMFC. The 
purpose of this work was to prepare novel anion exchange membranes suit for 
application in AEMDMFC. 
Novel anion exchange membrane was prepared via semi-interpenetrating network 
technique. Poly (vinyl alcohol) (PVA) modified by 1, 2-bis (triethoxysilyl) ethane was 
used as polymer matrix and brominated polyethyleneimine (BPEI) was used as 
polyelectrolyte. The ion exchange capacity (IEC) and water uptake increased with 
increasing BPEI content. A good comprehensive performance was achieved when 
BPEI content was 20%. The membrane exhibited an ionic conductivity and methanol 
permeability of 1.32×10-2 S·cm-1 and 7.88×10-7cm-2·s-1 at 30°C respectively. The 
problem of this membrane is a high water uptake leading to a relatively poor 
mechanical strength and thermal stability. 
To overcome the problem of high water uptake, composite membranes were 
prepared. Glutaraldehyde (GA) was used as cross-linking agent and the cross-linking















chains. Tetraethoxysilane (TEOS) was added to the polymer to introduce an inorganic 
phase. The polymer was composited with PTFE to form a composite anion exchange 
membrane. SEM and XRD indicate a good combination between the polymer and 
PTFE. The incorporation of a supporting layer decreases the water uptake successfully. 
The ionic conductivity of the membrane can reach to 3.17×10−2 S·cm-1 at 70°C. The 
methanol permeability is in the range 0.78∼1.13×10−6 cm2·s−1, which has advantage 
over Nafion® membrane. One may conclude that the membrane could be a candidate 
for use in DMFCs. 
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发电厂减少 40%以上，因此燃料电池技术认为是 21 世纪首选的洁净、高效的发
电技术。 
燃料电池的研究与开发已有 170 多年的历史，早在 1839 年，燃料电池之父
罗格夫爵士(W. R. Grove)就报道了第一个燃料电池装置—气体伏打电池，这是燃
料电池发展的起点。而真正的“燃料电池”一词是 1889 年由化学家 Mond 和 Langer
提出的。由于发动机的问世及电极反应动力学的研究进展缓慢，使得燃料电池的




































































表 1.1 各种燃料电池的特点 
Table 1.1 Characteristic of different types of fuel cells 
电池类型 AFC PAFC MCFC SOFC PEMFC 
阳极催化
剂 
Pt/Au, Pt, Ag Pt Ni, Ni/Cr Ni/ZrO2 Pt ,Pt/Ru 
阴极催化
剂 
Pt/Au, Pt, Ag Pt/Ni Li/NiO LaSrMnO3 Pt 
电解质 KOH/NaOH H3PO4 K2CO3/Li2CO3 Y2O3, ZrO2 质子交换膜 
导电离子 OH- H+ CO32- O2- H+ 
工作温度
(°C) 
50∼200 100∼200 650∼700 800∼1000 室温∼100 









70 40 >60 >60 60 
比功率
(W·kg-1) 

























































Cell, AFC)、磷酸燃料电池(Phosphoric Acid Fuel Cell, PAFC)、熔融碳酸盐燃料电
池(Molten Carbonate Fuel Cell, MCFC)、固体氧化物燃料电池(Solid Oxide Fuel 
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